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Abstract 
 
The work presents the solidification kinetics of a composite suspension with graphite particles dispersed in AlMg10 alloy matrix during its 
flow along a runner. The temperature field for investigated materials has been determined by measuring the suspension temperature values 
during flow and solidification in the elongated runner-like mould cavity. The influence of the quantity of ceramic particles on the 
temperature of the solidification beginning has been shown, and by the same its influence on the supercooling of the flowing composite 
suspension. Differences between the supercooling values for matrix alloy and for composites have been revealed. The obtained results 
have been interpreted pointing to the influence of graphite particles on activating the nucleation and change of the heat exchange 
conditions between the flowing suspension and the mould wall. 
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1. Introduction 
 
Introduction of ceramic particles into the liquid metal matrix 
causes a change of solidification conditions of such a system as 
compared with the solidification of the alloy without the particles 
[1-3]. The presence of the particles affect the kinetics of 
solidification due to the change of thermodynamic and physic 
conditions of the solidifying suspension [4-5]. The change 
involves parameters characterizing thermal properties such as 
specific heat, thermal conductivity, heat resistance at the 
suspension-mould interface, the quantity of the heat of 
crystallization. Also rheologic parameters as viscosity and the 
flow rate are affected. The ceramic particles can influence the 
nucleation and can interact with the crystallization front, being 
absorbed or repelled depending on their size [6-7]. These 
phenomena can result in segregation of particles and arising of the 
reinforcement agglomerations. The problem of the flow of cast 
alloys has not been solved up till now due to the complexity of the  
 
 
 
 
 
flow phenomenon combined with the heat exchange question. 
There are many publications describing various crystallization 
mechanisms, however the authors do not agree as far as the 
mechanism of solidification during flow is concerned [8-10]. The 
experimental examination in this field is extremely complicated, 
nevertheless it offers the most reliable results, particularly as 
compared with the more and more popular trials of computer 
simulations. These simulation do not take into account many 
changing factors influencing the solidification, so the numerous 
simplifications are assumed and this can unfortunately lead to the 
erroneous results [11-13]. The recognition of the solidification 
processes shall enable providing for a series of advantageous 
properties of composite casting by their proper control. 
 
2. Methodics of examination 
 
The examination of solidification during flow of composite 
suspensions containing graphite particles has been performed using the  
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139method of measuring the metal temperature during the spiral castability 
test. The Ni-CrNi thermocouples of 0.3 mm diameter have been 
inserted along the mould cavity at the distance markers at intervals of 
100 mm for the composite containing 10% of graphite, or 50 mm for 
the one with 20% of graphite fraction. The first of these thermocouples 
has been placed directly past the main sprue. Both the quantity of 
thermocouples and the distances between them have been determined 
on the ground of previous examination concerning the castability of 
composites. The moulds have been prepared using moulding sand with 
an oil binder. Composite suspensions have been poured into such 
prepared moulds at the pouring temperature equal to 973  K. The 
suspensions have been made by mixing the liquid matrix alloy with a 
mechanical stirrer and simultaneous introducing the graphite particles. 
The temperature measurements during flow, solidification, and cooling 
have been recorded by means of the PCL-818 measurement card of 
sampling frequency equal to 100 kHz with 16 unipolar input channels.  
To adapt the thermocouple voltage to the card input capacity, the 
PCLM-5B40-03-type converters have been applied with the voltage 
output range of ±  100 mV. The measurements results have been 
presented as the curves depicting the temperature changes over the time 
at several individual points of the mould. While the liquid suspension is 
flowing, the front of the flowing stream reaches the successive 
thermocouples which record the contact time. A series of microsections 
has been prepared from the test castings so as to observe composite 
structure with particular attention paid to the arrangement of the 
graphite particles in the matrix. 
 
3. Results of examination 
 
Figures 1 and 2 present the microstructures of the examined 
composites. The graphite particles are uniformly distributed and 
this fact confirms the proper selection of parameters influencing 
the production of composites. 
 
 
 
Fig. 1. Microstructure of composite containing 10% of graphite 
particles 
 
Equipping the appropriate laboratory stand has allowed for 
recording curves illustrating the temperature changes over the 
time at chosen places of the mould during its filling and 
subsequent solidification and cooling of the cast material. Fig. 3 
represents the recorded temperature field for the composite 
containing 10% of graphite particles, while Fig. 4 shows such a 
field for composite with 20% of graphite particles. These curves 
are graphic representations of impulses gathered from each 
successive thermocouple placed in the mould cavity. 
 
 
Fig. 2. Microstructure of composite containing 20% of graphite 
particles 
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Fig. 3. Temperature field of the AlMg10+10%Cgr composite 
flowing in the mould 
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Fig. 
4. Temperature field of the AlMg10+20%Cgr composite flowing in 
the mould 
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The data presented in Fig. 3 have been used for plotting the cooling 
curves T=f(t) and the solidification curves T/dt=f(t) of the composite 
containing 10% of graphite. These curves are shown in Fig. 5. Fig. 6 
represents the cooling and solidifying curves of the composite 
containing 20% of graphite particles plotted by taking data illustrated in 
Fig. 4. The inflexion points (1) have been identified for both dT/dt=f(t) 
curves. These points are generated because of the thermal effect 
probably caused by nucleation and the release of the heat of 
crystallization.  The point (1) projected onto a cooling curve determines 
the actual liquidus temperature, i.e. the temperature of the solidification 
beginning. Reference [14] gives the cooling and the solidifying curves 
for pure matrix alloy. Those curves show large supercooling of the 
matrix alloy reaching to 37°C. Such a strong supercooling has been 
caused by a great cooling rate of the flowing metal. 
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Fig. 5. The cooling and the solidification curves for 
AlMg10+10%Cgr composite during flow 
 
 
The inflection point of the dT/dt curve projected onto the cooling 
curve for composite containing 10% of graphite particles 
corresponds to the temperature of 589°C. This is the temperature 
of the solidification beginning. This indicate that the supercooling 
for composite material is smaller than for pure matrix alloy, being 
only 20°C. The similar effect has been observed for composite 
containing 20% of graphite. In this case the supercooling value 
drops to 11°C, as the recorded liquidus temperature is 598°C. The 
supercooling change during the flow and solidification of AlMg 
alloy, composite containing 10% of graphite particles, and the one 
with 20% of particles has been shown in Fig. 7. 
The effect of supercooling decrease with an increase of the 
quantity of particles in a composite can result both from the 
nucleation-promoting influence of the graphite particles and the 
changing conditions of heat exchange between the flowing 
suspension stream and the material of the mould. The suspension 
flow rate falls down with the rising volume fraction of graphite 
particles, by the same causing the decrease in the coefficient of 
heat exchange between the flowing metal and the mould wall. 
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Fig. 6. The cooling and the solidification curves for 
AlMg10+20%Cgr composite during flow 
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Fig.7. Supercooling during flow and solidification of AlMg10 
alloy, AlMg10+10%Cgr composite, and AlMg10+20%Cgr 
composite 
 
The recorded temperature fields of the examined materials have 
enabled determining the flow rate both for pure AlMg alloy and for 
AlMg-based composites. The graphic representations of the flow rates 
can be found in previous publications [16-17]. The flow rate of the pure 
matrix alloy during the mould cavity filling has been significantly 
greater than the flow rate of the composite suspension, the latter being 
additionally varied due to the different fraction of graphite particles and 
decreasing for higher graphite content. The coefficient of heat 
exchange varies along the mould runner. The more distant is the 
stream section from the stream front, the less is the coefficient of 
heat exchange, because the mould is already superheated with the 
previously flowing metal. The coefficient of heat exchange 
decreases also with an increase in the particle fraction in 
ARCHIVES of FOUNDRY ENGINEERING Volume 7, Issue 2/2007, 139-142 
 
141composite material. It is caused by the much slower flow of the 
suspensions containing the higher particle content. 
 
4. Conclusions 
 
The temperature measurements during flow and solidification 
of composites with AlMg10 matrix reinforced with graphite 
particles in the mould runner have allowed for determining the 
temperature field of the examined materials. Starting from these 
experimental results, many interesting parameters can be 
determined, e.g. the flow rate which is necessary for further 
analyses of simultaneous flow and solidification of metals. The 
recognition of the flow rate is essential also for computer 
simulation of the solidification of castings. The plots depicting 
temperature changes of the flowing stream front over the time 
have allowed for finding the actual liquidus temperature, i.e. the 
temperature of the beginning of solidification for the examined 
composites. An exact determining of the actual temperature of the 
solidification beginning has made it possible to calculate the 
supercooling of metal. For pure matrix alloy the supercooling has 
been equal to 37ºC, while after adding 10% of graphite particles it 
has dropped to 20ºC. The subsequent increase in the quantity of 
particles has resulted in further reduction of the supercooling 
value which has finally dropped down to 11ºC for composite 
containing 20% of graphite particles. The supercooling change 
arises due to the lowered flow rate of composite suspension as 
compared with the flow rate of the pure AlMg10 matrix alloy. 
The smaller flow rate implicate also the smaller values of the 
coefficient of heat exchange between the flowing suspension and 
the mould wall. The obtained results make reasonable the 
supposition that graphite particles play an active part in composite 
solidification. They can affect nucleation and strongly influence 
the coefficient of heat exchange between the metal and the mould. 
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